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Throughout this paper I will denote tensors associated












now gives an expression
which does not contain normal derivatives of Æg
ab
. If we











































































average of a quantity over the two sides (

) of the



























With the aid of the Gauss-Codazzi equations (24{
26) below, we obtain the energy-momentum conservation



























denoting the covariant derivative corresponding
to h
ab
. This is very similar to the corresponding result
in the standard brane world models [6].
Many previous papers have tried to derive the junction
conditions by treating the hypersurface  as a Æ-function
contribution to the to L
(M)
m
, as in the original brane cos-
mology papers [6]. In this case there is some ambiguity
as to the correct denition of H
ab
on , which has led
to the suggestion that the junction conditions must de-
pend on the thickness of the brane [12]. This would be
true for a general combination of second order curvature
terms, whose action would contain third (or higher) or-
der derivatives of the metric. However, this is not true
for the Gauss-Bonnet combination (2) since it has been
















as a Æ-function, junction condi-
tions which are independent of the brane thickness can
be found [13, 14, 15, 16, 17]. However, care must be
taken to regularise the Æ-function correctly [13, 18]. This
was done in refs. [13, 14, 15], and the resulting junction
conditions agree with those in is letter. Refs. [16, 17] do
not regularise the Æ-function appropriately, and obtain
incorrect results.
We will now use the above results to derive the Fried-
mann equation for a cosmological brane world model.
As has been shown by Kraus and Ida [7] (for the stan-
dard ve dimensional Einstein equations), it is possible
to obtain a cosmological generalisation of the Randall-
Sundrum [5] model by considering a static bulk space-
time, and allowing the brane to have a time dependent
position in the bulk.






















is the three dimensional metric of space with
constant curvature k =  1; 0; 1. For L
(M)
m
= 0, the eld
equations are solved by [11]
















with  being an arbitrary constant. In the ! 0 limit,
 is equal to the black hole mass.
We dene the position of the brane as r = a( ) and
T = t( ), which is parameterised by the proper time on



















T ; 0; 0; 0; _r) and
n
a
= (  _r; 0; 0; 0;
_










=  h : (15)













































For simplicity let us assume Z
2
symmetry across the
brane. Squaring (16) and simplifying with (15) gives a
cubic equation for H
2













































This Friedmann equation agrees with ref. [13], but not
ref. [16, 17]. The only dierence between these two con-
icting results is one factor of 3, but surprisingly this
3gives a substantially dierent Friedmann equation. For
 =constant, eq. (17) also agrees with ref. [14]. Ref. [19]
uses dierent boundary terms [20] to obtain a dierent
Friedmann equation. However the terms used do not give
a consistent action, and so the result is incorrect.
As in the usual brane cosmology [6], the standard
Friedmann equation can be recovered at late time (large
a) by splitting  into a cosmological constant and a mat-
ter part [13].
The boundary terms (6) are easily generalised to ac-
tions where other elds couple to the curvature tensors.
































































































































































All the problematic boundary terms, like those appear-
ing in (4), cancel out. In a string theory context  and
	 would typically be functions of the dilaton or moduli
elds.



















to be functions of y only,

















This agrees with other results in the literature [15].
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To nd the variation of S

(6) with respect to g
ab
,
















































































































































which holds for any tensor Y
abe
which is orthogonal to
the normal n
c
, the variation of the total action S can be
reduced to eq. (10). The more general case (21) can be
dealt with in the same way.






= 0 and the Gauss-Codazzi equa-
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